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Overview

Goal: See how larval Pacific lamprey respond to 3 mo. of heat stress (aka summer)
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1.  Growth
2. Metabolism

3. RNA (Coming Soon!)
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Why: Climate change & Freshwater systems
Hypothesis:
e ¢ Development

e P Metabolism
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Husbandry Treatment Response
* Collection * I Temp * Growth
* Aquarium * Measure * Metabolism

* Acclimation




Temperature (C)

TEMPERATURE EFFECT ON LENGTH
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Summary

How do larval Pacific lamprey respond to chronic temperature stress?
e { Development

e P Metabolism




RNA Sequencing

Why: Whole Organismal Response

Central
Dogma How: Center of Genome Research & Bio Commuting

What: Differential gene expression




Acknowledgments

Mentors
- Dr. Jonathan Armstrong
- Dr. Scott Heppell

« Dr. Jerri Bartholomew

Support | Oregon State

UNIVERSITY
 Dr. Benjamin Clemens

e Dr. Allison Evans = S
 Dr. Jon Hess ,
 Keala Pelekai e

Fish & Wildlife




Questions




References

Ficklin, D. L., Barnhart, B. L., Knouft, J. H., Stewart-Frey, I. T., Maurer, E. P., Letsinger, S. L., & Whittaker, G. W. (2014). Climate change and stream temperature projections in the Columbia River basin: habitat implications of spatial variation in hydrologic drivers.
Armstrong, J. B., & Schindler, D. E. (2011). Excess digestive capacity in predators reflects a life of feast and famine. Nature, 476(7358), 84.

Barron, J. M., Twibell, R. G., Hill, H. A., Hanson, K. C., & Gannam, A. L. (2016). Development of diets for the intensive culture of Pacific Lamprey. Aquaculture Research, 47(12), 3899-3906.

BLINDOW, I., ANDERSSON, G., HARGEBY, A., & JOHANSSON, S. (1993). Long-term pattern of alternative stable states in two shallow eutrophic lakes. Freshwater Biology, 30(1), 159-167.

Chen, I. C,, Hill, J. K., Ohlemiiller, R., Roy, D. B., & Thomas, C. D. (2011). Rapid range shifts of species associated with high levels of climate warming. Science, 333(6045), 1024-1026.

Clemens, B. J., Beamish, R. J., Coates, K. C., Docker, M. F., Dunham, J. B., Gray, A. E., ... & Moser, M. L. (2017). Conservation challenges and research needs for Pacific Lamprey in the Columbia River basin. Fisheries, 42(5), 268-280.

Clemens, B. J., Mesa, M. G., Magie, R. J., Young, D. A,, & Schreck, C. B. (2012). Pre-spawning migration of adult Pacific lamprey, Entosphenus tridentatus, in the Willamette River, Oregon, USA. Environmental biology of fishes, 93(2), 245-254.

Clemens, B. J., Van De Wetering, S., Kaufman, J., Holt, R. A., & Schreck, C. B. (2009). Do summer temperatures trigger spring maturation in Pacific lamprey, Entosphenus tridentatus?. Ecology of Freshwater Fish, 18(3), 418-426.

Close, D. A,, Fitzpatrick, M., Li, H., Parker, B., Hatch, D., & James, G. (1995). Status report of the Pacific lamprey (Lampetra tridentata) in the Columbia River Basin (No. DOE/BP--39067-1). Bonneville Power Administration.

Deacy, W. W., Armstrong, J. B., Leacock, W. B., Robbins, C. T., Gustine, D. D., Ward, E. J., ... & Stanford, J. A. (2017). Phenological synchronization disrupts trophic interactions between Kodiak brown bears and salmon. Proceedings of the National Academy of Sciences, 114(39), 10432-10437.

Eliason, E. J., Clark, T. D., Hague, M. J., Hanson, L. M., Gallagher, Z. S., Jeffries, K. M., ... & Farrell, A. P. (2011). Differencesin thermal tolerance among sockeye salmon populations. Science, 332(6025), 109-112.

Environmental Protection Agency (2017). National Aquatic Resource Surveys. Retrieved from: https://www.epa.gov/national-aquatic-resource-surveys/indicators-dissolved-oxygen

Howarth, R., Chan, F., Conley, D. J., Garnier, J., Doney, S. C., Marino, R., & Billen, G. (2011). Coupled biogeochemical cycles: eutrophication and hypoxia in temperate estuaries and coastal marine ecosystems. Frontiersin Ecology and the Environment, 9(1), 18-26.

Lampman, R., Moser, M., Jackson, A., Rose, R., Gannam, A., & Barron, J. (2016). Chapter twenty two developing techniques for artificial propagation and early rearing or Pacific lamprey (Entosphenus tridentatus) for species recovery. Jawless fishes of the world: volume 2, 2, 160.

Marine, K. R., & Cech, J. J. (2004). Effects of High Water Temperature on Growth, Smoltification, and Predator Avoidance in Juvenile Sacramento RiverChinook Salmon. North American Journal of Fisheries Management, 24(1), 198-210.

Parmesan, C. (2006). Ecological and evolutionary responses to recent climate change. Annu. Rev. Ecol. Evol. Syst., 37, 637-669.

Perry, A. L., Low, P. J,, Ellis, J. R., & Reynolds, J. D. (2005). Climate change and distribution shifts in marine fishes. science, 308(5730), 1912-1915.

Pray, H. A., Schweickert, C. E., & Minnich, B. H. (2952). Solubility of hydrogen, oxygen, nitrogen, and helium in water at elevated temperatures. Industrial & Engineering Chemistry, 44(5), 1146-1151.

Pearcy, W. G. (1999). TEMPERATURE MONITORING AND MODELING OF THE MARYS RIVER WATERSHED.

Smith, V. H. (2003). Eutrophication of freshwater and coastal marine ecosystems a global problem. Environmental Science and Pollution Research, 10(2), 126-139.

Sogard, S. M. (1997). Size-selective mortality in the juvenile stage of teleost fishes: a review. Bulletin of marine science, 60(3), 1129-1157.



https://www.epa.gov/national-aquatic-resource-surveys/indicators-dissolved-oxygen

